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The persistent trend of miniaturization has led to the exploration of magnetic nanostructures with 
ever-decreasing feature size and large magnetic anisotropy for developing ultra-high density storage devices 
and for implementing quantum computation. In this context, individual molecules are being considered as an 
attractive candidate owing to their economic viability, reproducibility, and ease of processing. Single molecule 
magnet (SMM) is one such class of molecules exhibiting bistable ground state, and a large magnetic anisotropy 
which introduces an energy barrier for the spin reversal35-40.  
The working temperature of the SMM is characterized by its blocking temperature (TB) below which the 
molecule shows a magnetic remanence and open hysteresis. With the development of the molecular design, 
there has been substantial enhancement in the values of the TB. Since below TB, a SMM can store information in 
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its spin-state, it can be used to realize functional spintronic device35,37,41. However, a SMM can lose the 
information stored in its spin-state either due to the dynamic coupling with its environment, or via non-thermal 
pathways like quantum tunneling (QT) relaxation process42-44. In the QT process, two degenerated spin-states 
having opposite spin-directions tunnel into each other without following the potential curve7. As a result of the 
QT process, SMMs, in spite of having large magnetic anisotropy barrier, show vanishing remanence in their 
magnetic hysteresis curve even at very low temperatures and behave similar to paramagnetic materials. There 
are continuous efforts to suppress the QT process such as by combination with CNT43-45, or adsorption on MgO 
film46. However, further progress requires the atomic-scale characterization of the magnetic behavior of 
surface-supported SMMs to understand and control the quantum tunneling relaxation of molecular spin. 
Here, we demonstrate robust spin-polarization of the double-decker bis(phthalocyaninato)terbium(III) 
(TbPc2) molecules adsorbed on the bilayer Co islands on Au(111) substrate using spin-polarized scanning 
tunneling microscopy(SP-STM). The TbPc2 molecule is a quintessential SMM47, and its behavior in the thin films 
has attracted wide attentions48-50. One of the prerequisite for making devices using SMMs is to adsorb them on 
a substrate surface. SP-STM is ideally suited for studying SMMs adsorbed on a surface since it can detect both 
the spin-state and the bonding configuration of the molecules at the same time with sub-molecular 
resolution51-53. Our results reveal that molecular spins of TbPc2 SMM are antiferromagnetically coupled to the 
magnetization of the Co island, irrespective of the bonding configuration of the molecule. Stable 
spin-polarization is inferred from the substantial hysteresis observed in magnetization curves measured over 
the TbPc2 molecules attached to the Co islands. This is in contrast to the reports of near-zero remanence for the 
bulk TbPc2 crystals, and TbPc2 molecules on non-magnetic substrate. The significant hysteretic opening 
observed in our study can be attributed to the large magnetic anisotropy barrier of the molecule and the 






















ト島上に吸着させ、分子の磁化反転磁場を SP-STM を用いて測定したものである。 
結果は TbPc 2 分子が強磁性であることを明瞭に示している磁化曲線を得ており、こ
れは世界に先駆けた研究成果と考えられる。強磁性薄膜との組み合わせで、強磁性的単一
分子磁石が表面上で実現できたことから、スピンを用いた高度な情報処理への可能性を示
している。 
これらの実験は、自立して研究活動を行うに必要な高度の研究能力と学識を有するこ
とを示している。サイ・シコンの博士論文は、博士(理学)の学位論文として合格と認める 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
